The purpose of this study is to examine methods of measuring syntactic complexity by analyzing an original corpus of written Japanese data from native speakers and learners of Japanese. We compared two measures, mean dependency distance (MDD) and mean hierarchical distance (MHD), which have been examined using in English in previous studies. Our research question is to compare the two methods and evaluate them in order to develop an index for measuring Japanese learner's syntactic complexity.
Introduction
overviewed recent SLA writing and syntactic complexity studies and discussed the reasons for inconclusive results among the studies. She observed that there are some factors that might affect differences in results across studies. One of them is a factor of measurements, and three measurements were discussed: 1) Subordination measures, 2) Lengthbased measures, and 3) Frequency-based measures. We believe that this factor needs to be studied further, and more precise indexes are necessary to measure syntactic complexity. This paper will examine mean dependency distance (MDD) and mean hierarchical distance (MHD) as good candidates for measuring L2 development of Japanese syntactic complexity.
Previous Studies on MDD and MHD
We will first review five studies using MDD and MHD as measures for syntactic complexity. Three of them were studies using native speaker (NS) data, and two used non-native speaker (NNS) data as summarized in Table 1 .
Study
MDD/MHD Language NS/NNS Jing and Liu (2015) MDD and MHD English and Czech NS Jing and Liu (2016) MHD and other measures English NS MDD 20 natural languages NS MDD English NNS Komori et al. (2018 Komori et al. ( , 2019 MDD and MHD Japanese NNS Table 1 : Summary of previous studies of the MDD and MHD First, Jing and Liu (2015) studied both MDD and MHD using English and Czech as the first language. In order to examine the structural complexity of language, they compared two SVO languages: English with rigid word order and Czech with relatively free word order. They reported significant positive correlations between sentence lengths (SL), MDD, and MHD. They also discovered that "for longer sentences, English prefers to increase the MDD, while Czech tends to enhance the MHD" (Jing and Liu 2015, 161) .
Second, the purpose of Jing and Liu (2016) was to analyze the hierarchical structure of English sentences, and they examined several different measures, including the MHD using a large English dependency treebank. As a result, they found significant positive correlations between the Vertices number (VN), the Hierarchical number (HN) and the MHD.
Third, was a cross-language examination of the MDD using 20 natural languages. They posited that dependency distance minimization is probably a universal regularity in human languages (Liu et al. 2017, 176) .
Fourth, adopted the same calculation method as in order to examine if the MDD works as a measure of the language proficiency of second language learners. They conducted a study using Chinese EFL learners' compositions in eight grades from the first year of junior high school to the second year of university and reported the MDD increase from 1.845 in the first year of junior high school to 2.466 in the second year of university (Jiang and Ouyang 2017, 210) . This results showed that the MDD could indicate the syntactic complexity of the learners' English. reported that the MDD measured sentence difficulty and how the MDD changed with the increase of learners' language proficiency across their learning levels.
Lastly, Komori et al. (2018 and 2019) examined the MDD and MHD with Chinese L1 learners of Japanese using Yokohama National University corpus (YNU, Kanazawa, ed., 2014) . The learners in the YNU were all advanced learners, and were further divided into three levels: high (H), mid (M), low (L). As a result, there was not a significant difference in the MDD among the three levels of advanced learners. A gradual increase from L to H in the MHD, on the other hand, was found as their levels progressed as shown in Table 2 Komori et al. (2018 and 2019) examined advanced learners' syntactic complexity using the MDD and the MHD, but they examined only advanced learners. It is still unclear if the MDD and the MHD can measure language proficiency or language development. Therefore, in this study, we will examine if we can use the MDD and the MHD in order to measure Japanese learners' syntactic complexity using intermediate learners' corpus data. We also see if there are any differences between the two measures of the MDD and the MHD with intermediate learners' data to figure out what kind of differences the MDD and the MHD are measuring.
The Current Study
In order to examine the MDD and the MHD as syntactic complexity measures with Japanese learners, we collected our original written data from both learners and native speakers of Japanese. The following will describe the methods and materials of this study.
Participants
We started the data collection in 2018 with the aim to analyze learners' syntactic development. We collected written data and observed their development over time as their learning progressed. We asked each participant to write an argumentative essay on a manuscript paper of more than 600 characters without referring to any dictionaries. For native speakers, there was a time limit of 30 minutes, but the learners had 50 minutes to write an essay. The university students who participated in this project were the second (C2) and third-year (C3) university students. They were all Chinese native speakers majoring in Japanese in China. We analyzed the data from the intermediate level learners as well as Japanese native speakers (JP). For this particular study, there are 38 C2, 33 C3, and 35 JP compositions for comparison.
Corpus Data
We manually input each hand-written composition into the computer to compile corpus data. Table 3 shows the outline of the current corpus data. The topic of the composition used for the current study is "Will you decide your plans for life after graduation by yourself or will you consult other people?" which was in Japanese. After the data collection, we excluded outlier sentences with less than 4 words and also more than the number of the upper limit, which is upper quartile plus 1.5 interquartile range of the data in each group. As a result, we eliminated 129 (18%), 56(9%), and 34 (7%) of C2, C3, and JP outliers from the data, respectively.
Group

Analysis
To parse the data, we formatted each composition to one sentence per line. Then, each sentence was parsed syntactically with Cabocha, a Japanese dependency structure analyzer (Kudo and Matsumoto, 2002) and IPADic, and the data was edited by retrieving dependent ID, governor ID and the original word as illustrated in Table 4 . After editing, we used the dependent ID and governor ID to calculate the dependency distance (DD), the difference between governor ID and dependent ID. Then, we used the following two formulas (1) and (2) to calculate the MDD of a sentence or text, according to . Finally, we used the dependent ID and governor ID to construct dependency trees and calculated the MHD for each sentence with Python scripts, as shown in Figure 1 . (1)
(2)
In formula (1), n is the number of words in the sentence, and DDi is the DD of the i-th syntactic link of the sentence. In formula (2), n is the total number of words in the text, s is the total number of sentences in the text. 
Results
Our analysis shows that both the MDD and the MHD increased from C2 to C3 as is shown in Table 5 . This means that the increase may reflect their syntactic complexity development as their Japanese learning progressed. Figure 2 shows the boxplots of the MDD (on the left) and MHD (on the right). It is easy to see a gradual increase of score from C2 to C3 to JP for the MHD. Non-parametric statistical analyses of multiple comparisons were conducted. The results of the analyses along with the interpretation of effect sizes indicated that the MHD scores demonstrated significant group differences but the MDD scores did not. There was only a small difference between C2 and JP, but no other significant group differences were observed in the MDD scores. As for the MHD, on the other hand, significant increases can be observed. From our current data, we may conclude that intermediate Japanese learners' syntactic complexity increased in terms of the MHD, but it is difficult to conclude that the MDD showed any increase. Figure 3 shows correlations between sentence length (SL), MDD, and MHD. They are all significantly correlated (p < 0.01). The correlation coefficients between SL and MHD in JP are highest (0.72), and those in C3 and C2 are also moderate (0.67 and 0.62). Correlations between MDD and MHD are not observed in any of the three groups. It can be interpreted that both MDD and MHD are measuring syntactic complexity, but they do not measure the same complexity. Further study is necessary to uncover what the differences are between the syntactic complexities measured by the MDD and the MHD. 
Discussion
From our data analyses of the intermediate learners and native speakers of Japanese, we showed that Japanese learners' syntactic complexity can be measured with the MHD, but it is not as clear with the MDD. As for the learners' proficiency levels, learners in C2 and C3 of the current study were intermediate learners who studied Japanese for about 13 months (C2) and 24 months (C3) in China, whereas participants in YNU data in Komori et al. (2018 Komori et al. ( , 2019 were all living in Japan and had studied 20 months to16 years. The MDD from the YNU learners did not show any increase, which may indicate that they might have reached a plateau period. The MDD scores of the intermediate learners in this current study show some increase between groups (C2 and C3), but it is not statistically significant and its effect size is negligible, thus MDD may not denote learners' syntactic development. As for the MHD, the previous study also showed an increase even among advanced learners. In this respect, the MHD might be a better measure to show Japanese learners' syntactic development for both intermediate and advanced learners (Komori, et al., 2019) . There may be some linguistic preferences between the MDD and the MHD in Japanese, as is discussed in Jing and Liu (2015) with English and Czech for longer sentences. It may also be argued that some of the characteristics of Japanese syntactic complexity appeared with MHD rather than MDD. As for the composition in terms of genre, the current study used argumentative essays which may contain relatively longer sentences, while the data in YNU consist of 12 different topics and they include short email messages as well (Kanazawa ed. 2014 ). These two factors (level of learners and genre) may have influenced the results, which we need to control in future studies.
As we have seen above, the MHD may be used to measure learners' syntactic development, but we need to further scrutinize and define the MDD and the MHD as syntactic complexity measures. There are also some problems to be solved in future studies. First of all, the learners' compositions contain errors, and they may cause analytical errors of syntactic complexity. There is also a matter of genre. We only analyzed one topic of compositions in the current study. We are planning to collect compositions with several different topics. Finally, a longitudinal study is necessary to examine the learners' development over time.
